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PROBLEM TO BE SOLVED: To provide a golf club which 
can satisfy diversified demand performances with high 
flexibility in design. 

SOLUTION: In the golf club 1 comprising a head (100) 
with a face part which a golf ball hits or contacts and a 
shaft (150) which is extended from one end part of the 
head and has a grip part at the other end thereof, the 
head and/or the shaft has a titanium alloy part 
comprising a titanium alloy with the average Young 
modulus of below 75 GPa and the tensile resilience limit 
strength of above 700 MPa. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the golf club with which average Young's modulus is characterized by having the 
titanium-alloy section which, as for said head and/or said shaft, **** elastic limit reinforcement 
becomes from the titanium alloy of 700 or more MPas by 75 or less GPas in the golf club which 
consists of a head equipped with the face section which a golf ball ****, and a shaft which 
extends from the end section of this head and equips the other end with the grip section. 
[Claim 2] Said titanium-alloy section is a golf club according to claim 1 with which Va group 
(vanadium group) element of 30 - 60 mass % is contained, and the remainder consists of titanium 
(Ti) substantially when the whole is made into 100 mass %. 

[Claim 3] Said titanium-alloy section is a golf club according to claim 2 whose average Young's 
modulus one or more sorts of elements in the metallic element group which consists of a 
zirconium (Zr), a hafnium (Hf), and a scandium (Sc) are contained further below 20 mass % in 
total, and is 75 or less GPas when the whole is made into 100 mass %. 
[Claim 4] Said titanium-alloy section is a golf club according to claim 2 which contains the 
oxygen (O) of 0.08 - 0.6 mass % further when the whole is made into 100 mass %. 
[Claim 5] For said titanium-alloy section, **** elastic limit reinforcement is the golf club 
according to claim 1 whose average Young's modulus it has 50% or more of cold-working 
organization, and is 800 or more MPas in 65 or less GPas. 

[Claim 6] the time of said titanium-alloy section setting average Young's modulus to E (GPa), 
and setting a consistency to rho (103xKg/m3) — a ratio — the golf club according to claim 1 
whose Young's modulus E/rho is under 16 (x10-3 GPa-m3/kg). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a golf club. It is related with the golf club with a 

big design degree of freedom using a titanium alloy in more detail. 

[0002] 

[Description of the Prior Art] There are many people who play golf regardless of sex, age, etc., 
and, recently, female golfer is increasing considerably. Although there is a difference of level, 
workmanship, muscular power, etc., as it is, each golfer is enjoying golf. For example, a certain 
man is looking forward to improvement in a score, and people are looking forward to the feeling 
when hitting the flight distance and the golf ball by the driver. Thus, since liking of a golfer is also 
various, the golf club of a driver, an iron, and a putter is also asked for various engine 
performance. For example, they are engine performance, such as ballistic control of a golf ball, 
flight distance of a golf ball, the feeling of ** at the time of a blow, and a tap tone. 
[0003] Then, it supposes first that the military requirement of this golf club is examined, and 
development takes up a prosperous driver (especially that head) to an example, and explains it 
below. Although many wooden heads, such as a persimmon, were conventionally used for the 
driver, the material property and the employable configuration of the wooden head were 
restrictive, and its design degree of freedom was small. For this reason, it was not what can 
respond to various engine performance enough. So, recently, a metalhead with a more big design 
degree of freedom came to be used abundantly at a golf club. Although a metalhead has 
variously a product made from stainless steel, a product made from an aluminium alloy, etc., 
development of the metalhead made from a titanium alloy is prosperous especially recently. In 
addition, the "metalhead" who states here refuses beforehand to include not only the whole 
head but the thing a part of whose head (face section etc.) is a product made from metal (it is 
the same hereafter.). 

[0004] It is considered to be a main reason that the reason with especially prosperous 
development of the metalhead made from a titanium alloy has the large specific strength of a 
titanium alloy else [, such as a high-class feeling and corrosion resistance, ]. If specific strength 
makes it a hollow head especially using a large thing, much more lightweight-ization can be 
attained and, also in a powerless female golfer, swing will become easy. Moreover, design degrees 
of freedom, such as moment of inertia of a head, head volume, and face area, increase. For 
example, if face area is expanded attaining lightweightHzation, it becomes easy to hit a golf ball 
at a sweet spot, and it is said that a ballistic controllability etc. becomes good. Thus, the 
metalhead made from a titanium alloy is liked very much from a viewpoint of specific strength. 
[0005] 

[Problem(s) to be Solved by the Invention] A golf club is asked for big flight distance. Although 
there are various opinions about the relation between a golf club and flight distance, if a head is 
made into moderate low rigidity and flight distance will be extended, it says (the reason is 
mentioned later.). However, the chief aim has set the conventional golf club made from a titanium 
alloy (especially the head) to the specific strength, and coexistence with the reduction in rigidity 
(reduction in Young's modulus) is not carried out, and it cannot necessarily be said that it was 
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desirable. 

[0006] Although not restricted to a titanium alloy, a correlation is between the reinforcement of 
a metallic material, and Young's modulus, for example, generally it is said that the ingredient of 
quantity (ratio) reinforcement is high Young's modulus, and the ingredient of low (ratio) 
reinforcement is low Young's modulus. As long as this general rule is followed, it is very difficult 
to aim at coexistence of the high intensity of a golf club, and low rigidity using the conventional 
titanium alloy, and the golf club which can respond to various military requirements cannot be 
offered. Moreover, as long as this invention person investigated, the golf club made from a 
titanium alloy which fully aimed at coexistence of high intensity and low rigidity did not exist 
before this application, but development was made in the narrow range in which the conventional 
golf club used the specific strength of a titanium alloy. Thus, the big factor of be [ it / in the 
property of the titanium alloy used for a golf club ] which serves as fetters on the design of a 
golf club, and narrows a design degree of freedom is clear. 

[0007] Then, completely developing newly the titanium-alloy ingredient of quantity (ratio) 
reinforcement and low rigidity which is needed when raising the military requirement of a golf 
club expanded the design degree of freedom of a golf club, and it considered that this invention 
person was indispensable when offering the golf club which can respond to various military 
requirements. And the military requirement of a golf club was first begun from clarifying. We 
decided to examine a golf club in a detail from a viewpoint of the general jump engine 
performance and the sensibility engine performance the core [ the low rigidity especially needed 
in addition to specific strength ]. 

[0008] (1) Although there were the ballistic controllability and flight distance of a golf ball in the 
jump engine-performance ** jump engine performance, we decided to pay one's attention to the 
flight distance considered to be appropriate when evaluating the effect by the reduction in 
rigidity objective here. The flight distance of a golf ball is determined by various factors, such as 
head speed at the time of a blow, the amount of spin of a golf ball, and a repulsion property 
between a golf ball and the face section. However, since the place which depends on a golfer's 
ability, the engine performance of a golf ball, etc. was large, paying attention to the repulsion 
property, it was presupposed to head speed and the amount of spin that the effect of the 
reduction in the rigidity of a golf club is considered here. In addition, generally the repulsion 
property is estimated by ^(restitution coefficient) (initial velocity of golf ball immediately after 
blow)/(head speed in front of a blow). 

[0009] ** The theory of former versatility could be considered about this repulsion property, and 
researches and developments have been furthered. There are modal theory, the newest modal 
theory (impedance-matching theory), etc. as typical theory. Moreover, much applications about 
the golf club considered to have used those theory are also carried out. For example, they are 
JP,7-98077,B, JP.5-33071.B, and the international public presentation WO 98/No. 46312 official 
report (Japanese Patent Application No. No. 543736 [ ten to ]). Hereafter, it explains concretely, 
referring to the publication of these official reports. In the former official report (JP, 7-98077, B), 
it checked experimentally that the contact time (tau) of the golf ball when making head speed 
into 40 m/s and the face section was set to about 600 microseconds, and has proposed setting 
up so that a head may have the resonant frequency f (=1/T=1/2tau) from which the contact 
time tau serves as a half period (T/2). As a count result, it is indicated that the resonant 
frequency f is set to about 830Hz. 

[0010] Moreover, in the latter official report (international public presentation WO 98/No. 46312 
official report), it has proposed making the natural frequency (primary) of a golf ball carry out 
abbreviation coincidence of the natural frequency (primary) f of a head, especially the face 
section. Although it depends also on the class of golf ball, the resonant frequency of a common 
golf ball is f= 600-1 600Hz, and is setting the resonant frequency of a head to 1290Hz or less in 
the example. Both were common at the point to which it is being supposed that a restitution 
coefficient increases by reducing conventionally the natural frequency of the head which it was 
around 2000Hz to about 1000Hz although it differs in a theoretical configuration, and the flight 
distance of a golf ball is extended, and it was thought that a repulsion property and a natural 
frequency f had deep correlation. Then, it decided to pay its attention to the resonant frequency 
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f of a head next. 

[001 1] ** This resonant frequency f uses spring constant k and mass m theoretically. f=(k/m) 
1/2/2pi (formula 1) 

It is led. Although this spring constant k of being influenced of Young's modulus is natural, it is 
influenced of the configuration of a golf club (for example, face section) etc. in addition to it. 
That is, if the configuration changes also with the same Young's modulus, the mass m of a 
formula 1 will change and a resonant frequency f will change. Then, we decided to think that it is 
necessary to clarify the factor which affects this natural frequency f on the occasion of 
development of a golf club, to introduce a simple head model ( drawing 1 ), and to examine that 
factor. 

[0012] ** this head model — a head — closed-end — it shall suppose that it is cylindrical, that 
one pars basilaris ossis occipitalis shall be assumed to be the face section of a head, and the 
face section shall be united with a cylinder part on that periphery If Load P acts on the core of 
the face section, the bending delta of outer-diameter phid and the circumference fixed disk of 
thickness h is drawn with delta=Pd 2 / 64piD by **** of a golf ball using strength of materials. D 
is the flexural rigidity of a plate and is D=Eh 3/12 (1-nu2). (E: Youngs modulus, nu:Poisson's 
ratio) 

It comes out. And if spring constant k is drawn from these two formulas with k=P/delta 
=16piEh3 / 3 (1-nu2)d2, this is transformed using area S=pi d2/4, and mass m=rho Sh (rho: 
consistency) of the face section and a proportionality constant alpha 1 is used k/m= {4pi2 / 3 
(1-nu2)] If it becomes - (E/rho), (h/S)2=alpha1 , (E/rho), and (h/S)2, and this formula is further 
substituted for a formula 1 and being expressed using a proportionality constant alpha 2 
f=alpha2and(E/rho) 1/2- (h/S) (formula 2) 

****** therefore, the resonant frequency f — a ratio — it turned out that it is proportional to 
Young's modulus E/rho (E/rho) (1/2) and shape factor h/S. 

[0013] ** there — first — the ratio of a formula 2 — it inquired from Young's modulus E/rho. 
original — a ratio — although Young's modulus E/rho has the value of a proper for every 
ingredient, drawing 4 also shows — as — a magnesium (Mg) alloy, an aluminum (aluminum) alloy, 
the conventional titanium (Ti) alloy, and which ratio of steel — Young's modulus E/rho — 1 
(E/rho)/2 There was no great difference about =4.8-5.2. Any metal ingredient of the future 
former is satisfactory with the ability of reduction of a resonant frequency f to have not been 
aimed at from an ingredient side, therefore, the ratio which is not in the conventional metal 
ingredient in order to aim at reduction of a resonant frequency f from an ingredient side — it 
became clear that it is necessary to attain Young's modulus E/rho. 

[0014] ** Next, shape factor h/S was examined. Although it will be good to make thickness h 
thin and to make the area S of the face section increase in order to reduce a resonant 
frequency f from a formula 2, it is not easy by the following reason to make the face section into 
such a configuration. If it asks for the stress sigma which acts on the face section using the 
head model of drawing 1 , a proportionality constant alpha 3 will be used. Sigma=alpha 3.1 /h2 
(formula 3) 

It is expressed. Since stress sigma will increase rapidly if thickness h will be made thin from now 
on, when securing the reinforcement of a head, it is limit **** also to reduction of thickness h. 
On the other hand, making area S increase is considered and considering the weight balance of a 
golf club, design nature, the air resistance at the time of swing, etc., there is a limitation also in 
making area S increase. Therefore, in order to secure the thinner thickness h than the former 
and an EQC, it became clear that titanium-alloy ingredients enough also in reinforcement are 
needed. 

[0015] ** Although inquired based on the head model of drawing 1 above, if it compares with an 
actual head, it cannot be overemphasized that a configuration and loading condition differ from a 
constraint etc. Therefore, although refused beforehand, it adheres to each formula, a multiplier, 
etc. which were mentioned above, and does not think completely, however — as the index by 
which the engine performance of golf clubs, such as flight distance, is evaluated — a ratio — it 
is thought that it is fully shown that it is effective to use Young's modulus E/rho. These things 
are the same also about the next sensibility engine performance. 
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[0016] (2) Its attention was paid to the feeling of ** and tap tone of a golf ball as sensibility 
engine-performance sensibility engine performance. Although the place which depends on liking 
of a golfer or the engine performance of a golf ball is also large and cannot necessarily serve as 
an objective evaluation index of a golf club, these cannot be disregarded when offering the golf 
club which can respond to various military requirements. Then, these engine performance was 
examined based on the general judgment. 

[0017] ** A feeling of ****** has moderate softness at the time of the blow of a golf ball, and is 
said as it is better not to transmit a big impact from a grip. For this reason, I thought it desirable 
that the face section bent moderately at the time of a blow. The bending delta of this face 
section uses a proportionality constant alpha 3 from the above-mentioned formula, and is 
delta=alpha 3. -(1/E)-(1/h2)- It is (S/h). 

It is led easily. In order to raise a feeling of ** from now on, Young's modulus E and thickness h 
are reduced, and it will be good to make area S increase, and is fundamentally common in 
reduction of the above-mentioned resonant frequency f. however, reduction of a resonant 
frequency f — differing — here — a ratio — it differs in that Young's modulus E has influenced 
the direct bending delta from Young's modulus E/rho. Therefore, at least reduction of Young's 
modulus E became clear [ that it is effective in improvement in a feeling of ** ]. Moreover, 
though additional, if the bending delta of the face section becomes large moderately, it will be 
thought that the controllability of a golf ball also increases. 

[0018] ** It is said that the moderate click of a tap tone tap tone sensed that flight distance 
was extended is desirable. If a tap tone turns into the amount of bass, or bass (low frequency), 
he will have blunt sensibility and it will be sensed that flight distance is short. On the contrary, 
displeasure will be given to a golfer if a tap tone turns into the amount of Oto, or loud sound 
(high frequency). Therefore, if it bends and a resonant frequency etc. can be adjusted 
moderately, the outer shell structure as the whole head and its desirable thing are also clear also 
from a viewpoint of a tap tone. 

[0019] (3) In addition, a large number [ the application to which it was presupposed that the flight 
distance of a golf ball can be lengthened ] by using the titanium alloy of low Young's modulus for 
a golf club when this invention person investigated. For example, the indication is carried out to 
JP.5-1 11554,A, JP,6-240390,A, JP,8-143012,A, the provisional-publication-of-a-patent 10 Taira 
-155942 [ No. ] official report, etc. However, Young's modulus is still 80 or more GPas, and each 
titanium alloy used for these golf clubs does not have a conventional beta titanium alloy and 
great difference. Therefore, with such a golf club or a golf club head made from a titanium alloy, 
it is thought that improvement in the engine performance cannot be desired so much. Moreover, 
as long as such an ingredient is used, the design degree of freedom of a golf club will become 
narrow. 

[0020] in view of such a situation, it succeeded in this invention, and there is. That is, it aims at 
offering a golf club with the big design degree of freedom which can meet the various demands 
by there being nothing to the former and using a high intensity titanium alloy with low rigidity. 
[0021] 

[Means for Solving the Problem] Then, this invention person developed and discovered the 
titanium alloy suitable for a golf club which can reduce Young's modulus (average Young's 
modulus) further, without causing a strong fall, as a result of inquiring wholeheartedly that this 
technical problem should be solved and repeating various systematic experiments. And this 
titanium alloy is applied to a golf club, and it comes to develop a golf club with the big design 
degree of freedom which can meet the various demands. 

[0022] Namely, in the golf club which consists of a shaft which the golf club of this invention 
extends from the end section of a head equipped with the face section which a golf ball ****, 
and this head, and equips the other end with the grip section, as for said head and/or said shaft, 
average Young's modulus is characterized by having the titanium-alloy section which **** 
elastic limit reinforcement becomes from the titanium alloy of 700 or more MPas by 75 or less 
GPas. 

[0023] The golf club of this invention was able to make not only the design degree of freedom 
from a side on the strength but the design degree of freedom from a rigid side expand according 
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to the military requirement by having the titanium-alloy section which average Young's modulus 
becomes from the titanium alloy which is the low Young's modulus of 75 or less GPas, 
elastic limit reinforcement securing the quantity (elasticity) reinforcement of 700 or more MPas. 
Therefore, increase of the flight distance of a golf ball, a feeling of **, improvement in a tap tone, 
etc. can be aimed at not to mention the ability to aim at increase of lightweight-izing of a golf 
club, and the head volume, expansion of a face aspect product, etc. as usual. And since it is 
possible to also make them balance by high order origin, the golf club whose engine performance 
improved remarkably can also be obtained. 

[0024] If **** elastic limit reinforcement is less than 700 MPas, since the increment in weight 
etc. will be caused for reservation on the strength and the design degree of freedom of a golf 
club will be restricted, it is not desirable. Moreover, if average Young's modulus exceeds 75GPa 
(s), since it will be hard coming to plan low rigidity-ization and the design degree of freedom of a 
golf club will be restricted, it is not desirable. In addition, average Young's modulus is so desirable 
that it is set to 70 or less GPas, 65 GPas or less, 60 GPas or less, and 55 GPas or less at order, 
and **** elastic limit reinforcement is so desirable that it is set to 750 or more MPas, 800 MPas 
or more, 850 MPas or more, and 900 MPas or more at order. 

[0025] Here, elastic limit reinforcement" means the stress which was carrying out the 

load of [ when a permanent set (distortion) reaches to 0.2% ] in the tension test which repeats 
the load and unloading of a load to a test piece gradually, and performs them. In this point and 
said tension test, it differs from the tensile strength called for by **(ing) the load in front of final 
fracture of a test piece with the cross section before the trial in the parallel part of that test 
piece. Moreover, "average Young's modulus" is the semantics of the Young's modulus 
representing the titanium alloy which does not point out "an average" of the Young's modulus in 
strict semantics, and was used by this invention. Specifically in the stress (load)-distortion 
(elongation) diagram obtained by said tension test, the inclination (inclination of a tangent) of the 
curve in the stress location equivalent to one half of **** elastic limit reinforcement was made 
into average Young's modulus. The detail of "**** elastic limit reinforcement" and "average 
Young's modulus" is mentioned later separately. In addition, in this specification, "low Young's 
modulus" means that said average Young's modulus is small to the conventional general Young's 
modulus, and means that said **** elastic limit reinforcement or said tensile strength of "high 
intensity" is large. 
[0026] 

[Embodiment of the Invention] The operation gestalt of a golf club is listed to below, and this 
invention is explained to it in detail. 

(1) Use and explain drawing 2 A and B in full detail below about average Young's modulus, the 
average Young's modulus of the titanium-alloy section of **** elastic limit this invention on the 
strength, and **** elastic limit reinforcement. Drawing 2 A is drawing having shown typically the 
stress-strain diagram of the titanium alloy used by this invention, and drawin g 2 B is drawing 
having shown typically the stress-strain diagram of the conventional titanium alloy (Ti- 
6aluminum-4V alloy). 

[0027] ** As shown in drawing 2 B, in the conventional metallic material, elongation increases 
linearly in proportion to the increment in tensile stress first (between **'-**). And the Young's 
modulus of the conventional metallic material is called for by the slope of a line. If it puts in 
another way, the Young's modulus will serve as a value which **(ed) tensile stress (nominal 
stress) by the distortion (nominal distortion) in it and proportionality. Thus, in the straight-line 
region (between **'-**) which has stress and distortion in proportionality, deformation is elastic, 
for example, if unloading of the stress is carried out, the elongation which is deformation of a 
test piece will return to 0. However, if tensile stress is further applied across the straight-line 
region, even if the conventional metallic material begins plastic deformation and it carries out 
unloading of the stress, the elongation of a test piece will not return to 0, but will produce a 
permanent set. 

[0028] Usually, stress sigmap from which a permanent set becomes 0.2% is called proof stress 
0.2% (JIS Z 2241). This 0.2% proof stress is also the stress in the intersection (location **) of the 
straight line (**' - **) and stress-distortion curve which carried out the parallel displacement of 
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the straight line (**' - starting [ ** : ] tangent of the section) of an elastic-deformation region by 
distortion 0.2% on the stress-strain diagram. In the case of the conventional metallic material, 
based on the rule of thumb of "becoming a permanent set if elongation exceeds about 0.2%", 
0.2% proof stress ** elastic limit reinforcement is considered, and it is usually 
####5m<******. On the contrary, if it is in this 0.2% proof stress, it will be thought that the 
relation between stress and distortion is in general linear or elastic. 

[0029] ** As time shown also in the stress-strain diagram of drawing 2 A, such a conventional 
concept is not applied to the titanium alloy used for the titanium-alloy section of this invention. 
In the case of the titanium alloy used by this invention, although a reason is not certain, in an 
elastic-deformation region, a stress-distortion diagram does not serve as a straight line, but it 
becomes a convex curve (**' - **), and if unloading is carried out, along with said curvilinear **- 
**\ elongation will return to 0 or will produce a permanent set along with **-**'. Thus, in the 
titanium alloy used by this invention, if stress and distortion are not in linear relation and stress 
increases even in an elastic-deformation region (**' - **), distortion will increase rapidly. 
Moreover, if it is the same, stress and distortion are not in linear relation and stress decreases 
also when unloading is carried out, distortion will decrease rapidly. That is, it turns out that the 
titanium alloy used by this invention is what has the outstanding high elasticity deformability. 
[0030] By the way, in the case of the titanium alloy used by this invention, the inclination of the 
tangent on a stress-strain diagram is decreasing, so that drawing 2 A may also show and stress 
increases. Thus, in an elastic-deformation region, since stress and distortion do not change 
linearly, it is not appropriate that the conventional approach defines the Young's modulus of the 
titanium alloy used by this invention. Moreover, in the case of the titanium alloy used by this 
invention, since stress and distortion do not change linearly, it is not appropriate to estimate it 
by the same approach as usual as 0.2% proof stress (sigmap') ** **** elastic limit reinforcement, 
either. That is, in 0.2% proof stress which can be found by the conventional approach, it cannot 
become a small value more remarkable than original **** elastic limit reinforcement, and 0.2% 
proof stress ** **** elastic limit reinforcement cannot be considered any longer. 
[0031] Then, we decided to introduce the above-mentioned average Young's modulus as Young's 
modulus of the titanium alloy which returned to the original definition, and presupposed that it 
asks to have mentioned above the **** elastic limit reinforcement (sigmae) of the titanium alloy 
used by this invention (** location in drawin g 2 A), and was used by this, invention. In addition, 
sigmat is tensile strength among drawing 2 A and drawing 2 B, epsilone is distortion in the **** 
elastic limit reinforcement (sigmae) of the titanium alloy used by this invention, and epsilonp is 
distortion in 0.2% proof stress (sigmap) of the conventional metallic material. 

[0032] (2) The golf club of presentation ** this invention of the titanium-alloy section is suitable, 
if the titanium-alloy section contains Va group (vanadium group) element of 30 - 60 mass % and 
the remainder consists of titanium (Ti) substantially, when the whole is made into 100 mass %. 
Low Young's modulus-ization of the titanium-alloy section was able to be attained by doing 30- 
60 mass % content of Va group's element, without bringing about the fall of specific strength. 
Low Young's modulus of the request of the content of Va group's (vanadium group) element 
under by 30 mass % cannot be obtained, but on the other hand, if it exceeds 60 mass %, the 
consistency of the titanium-alloy section will become large and the fall of the specific strength 
of the titanium-alloy section will be caused. Moreover, if 60 mass % is exceeded, it will become 
easy to produce the ingredient segregation by difference of the atomic weight of a content 
element. In addition, unless it refuses especially, mass % is a value when making the presentation 
of the whole alloy into 100 mass %, and when calling it "x-y mass %", the minimum (x) and upper 
limit (y) are included (following, the same). 

[0033] Va group (vanadium group) has niobium (Nb) besides vanadium (V), and a tantalum (Ta), 
and all are beta stabilizers. However, it is not that the titanium-alloy section is restricted to beta 
mold alloy. By content of this Va group element, cold-working nature was able to be remarkably 
raised with low Young's modulus-ization compared with conventional alpha mold alloy, a 
conventional alpha+beta mold alloy, etc. Therefore, it is very effective in case the head of a golf 
club etc. is manufactured with cold pressing shaping etc. In addition, in order to suppress the 
increment in the consistency of the titanium-alloy section of this invention and to make it not 
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cause the fall of specific strength, it is more desirable when the content of Va group element is 
made into 30 to 50 mass %. 

[0034] ** The golf club of this invention is suitable in one or more sorts of elements in the 
metallic element group which consists of a zirconium (Zr), a hafnium (Hf), and a scandium (Sc) 
being contained below 20 mass % in total, and average Young's modulus being 75 or less GPas, 
when the titanium-alloy section makes the whole 100 mass % further. The zirconium and the 
hafnium are effective in the reduction in Young's modulus and high-intensity-izing of a titanium 
alloy. Moreover, since these elements are titanium and a family (IVa group) element and are 
neutral elements of all rate dissolution molds, they do not bar low Young's modulus-ization of the 
titanium alloy by Va group element. 

[0035] Moreover, a scandium is an element effective in reducing the binding energy between 
titanium atoms specifically with Va group element, and attaining further low Young's modulus- 
ization, when it dissolves to titanium (reference-works-roc. 9th World Conf- Titanium and (1999) 
to be published). It is not desirable in order to cause the fall and cost rise of reinforcement and 
toughness by the ingredient segregation, if those elements exceed 20 mass % in total. When 
aiming at balance of Young's modulus, reinforcement, toughness, etc., those elements are more 
desirable in it being five to 15 mass % further more than 1 mass % in total. 
[0036] Moreover, on Va group element and an operation, since these elements have many 
common parts, they can also be permuted by Va group element within the limits of 
predetermined. For example, the remainder can serve as substantially Va group (vanadium group) 
element with which the sum total of one or more sorts of elements in the metallic element group 
which the titanium-alloy section of this invention becomes from 20 or less % of the weight of a 
zirconium (Zr), a hafnium (Hf), and a scandium (Sc) in total, and one or more sorts of elements in 
this metallic element group becomes 30 - 60 % of the weight from titanium. 

[0037] Moreover, 1-10 mass % content of a zirconium (Zr) and/or a hafnium (Hf) is done, and you 
may make it average Young's modulus set to 75 or less GPas. Average Young's modulus can 
attain the further low Young's modulus [ say / 75 or less GPas ], without reducing **** elastic 
limit reinforcement the same with having mentioned above by doing 1-10 mass % content of a 
zirconium and/or a hafnium. Therefore, the width of face which can adjust the resonant 
frequencies f, such as a head of a golf club, spreads further and is convenient. 
[0038] In addition, the content is suitable in it being one to 10 mass % in compound any [ of a 
zirconium simple substance, a hafnium simple substance or a zirconium, and a hafnium ] case. As 
for neither, under 1 mass % is enough as a dissolution-ized operation, and desired low Young's 
modulus is not obtained. On the other hand, if 10 mass % is exceeded, the whole consistency 
increases and it is not desirable from the point of specific strength. Moreover, it becomes easy 
to produce an ingredient segregation and the fall of reinforcement and toughness may be caused. 
And when they are made into five to 10 mass % from viewpoints, such as low Young's modulus 
and reinforcement, it is much more desirable. 

[0039] ** The golf club of this invention is suitable if the titanium-alloy section contains one or 
more kinds of elements from from further among the metal groups which consist of the 
molybdenum (Mo) of 1 - 20 mass %, the iron (Fe) of 1 - 20 mass %, tin (Sn) of 1 - 20 mass %, and 
aluminum (aluminum) of 0.1 - 3 mass %. Molybdenum is an element effective in raising the room 
temperature reinforcement of the titanium-alloy section, and hot-working nature. 
[0040] It is very significant to the golf club used in a room temperature region that room 
temperature reinforcement is large. Solid-solution-strengthening operation with molybdenum 
sufficient by under 1 mass % is not acquired, and improvement in room temperature 
reinforcement cannot be aimed at. Moreover, when molybdenum exceeds 20 mass %, it becomes 
difficult to become easy to produce an ingredient segregation and to obtain a homogeneous 
ingredient, and it may cause reinforcement and a ductile fall. In addition, molybdenum can raise 
further four to 15 mass %, and room temperature reinforcement, and it is desirable. 
[0041] Moreover, the iron of 1 - 20 mass % may be contained with the molybdenum instead of 
molybdenum. Iron is also an element effective in improvement in the room temperature 
reinforcement of the titanium-alloy section. Solid-solution-strengthening operation with iron 
sufficient by under 1 mass % is not acquired, and improvement in room temperature 
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reinforcement cannot be desired. If iron exceeds 20 mass %, it will become easy to produce an 
ingredient segregation, and a homogeneous ingredient cannot be obtained, but reinforcement and 
a ductile fall will be caused. In addition, when iron is made into three to 15 mass %, room 
temperature reinforcement can be raised further and it is desirable. 

[0042] Moreover, it is suitable if the tin (Sn) of 1 - 20 mass % is contained with the molybdenum 
instead of molybdenum or iron, and iron. Although tin is alpha stabilization element, it is an 
element effective in the improvement in on the strength of the titanium-alloy section of this 
invention. If tin cannot desire improvement in reinforcement under by 1 mass % but 20 mass % is 
exceeded, the ductility of the titanium-alloy section will fall. In addition, in order to obtain the 
reinforcement stabilized with low Young's modulus, it is more desirable when the content of tin is 
made into 4-15% by mass %. 

[0043] Moreover, it is suitable if the aluminum of 0.1 - 3 mass % is contained with the 
molybdenum instead of molybdenum, iron, or tin, iron, and tin. Aluminum is also an element 
effective in raising the room temperature reinforcement of the titanium-alloy section like 
molybdenum etc. If aluminum is especially contained with tin, the titanium-alloy section can aim 
at improvement in **** elastic limit reinforcement, without injuring toughness. Solid-solution- 
strengthening operation with aluminum sufficient by under 0.1 mass % is not acquired, and 
improvement in room temperature reinforcement cannot be desired. Moreover, if 3 mass % is 
exceeded, the ductility of the titanium-alloy section will fall. In addition, in order to raise room 
temperature reinforcement further, it is more desirable when aluminum is 0.5-2 mass % Included. 
[0044] ** The golf club of this invention is suitable, if the titanium-alloy section contains the 
oxygen (O) of 0.08 - 0.6 mass % further when the whole is made into 100 mass %. Oxygen is an 
element effective in the improvement in on the strength of the titanium-alloy section. It is very 
effective when obtaining a golf club with a big design degree of freedom by coexistence with Va 
group's element especially, since the titanium-alloy section can be made into high intensity and 
low Young's modulus. However, it is not desirable in order to be unable to aim at improvement in 
reinforcement if the content of oxygen is made under into 0.08 mass %, but for average Young's 
modulus to rise if 0.6 mass % is exceeded, and to bring about the fall of elongation. Moreover, if 
0.6 mass % is exceeded, ductility will fall and cold-working nature, such as rolling, will also fall. 
Desirably, it is good to do 0.15-0.5 mass % content of oxygen. 

[0045] Moreover, if the titanium-alloy section contains the carbon (C) of 0.05 - 1.0 mass % when 
the whole is made into 100 mass %, it is suitable. Like [ carbon ] oxygen, it is the solid-solution- 
strengthening element of an invasion mold, and is an element effective when making alpha phase 
of a titanium alloy stability and raising reinforcement. If carbon cannot fully aim at improvement 
in on the strength of a titanium alloy but exceeds 1.0 mass %, it causes embrittlement of a 
titanium alloy and is not desirable at under 0.05 mass %. It is more desirable when aiming at 
balance of reinforcement and ductility, and carbon is made into 0.1 to 0.8 mass %. 
[0046] ** When the whole is made into 100 mass %, if the titanium-alloy section contains the 
boron (B) of 0.01 - 1.0 mass %, it is still more suitable for the golf club of this invention. Boron is 
an element effective when raising the mechanical material property and hot-working nature of a 
titanium alloy, boron — a titanium alloy — almost — not dissolving — the — the whole quantity 
deposits as titanium compound particles (TiB particle etc.) mostly. This deposit particle is 
because the grain growth of a titanium alloy is controlled remarkably and the organization of a 
titanium alloy is maintained minutely. If under 0.01 mass % of boron exceeds 1.0 mass % rather 
than it is enough as the effectiveness, when the deposit particle of high rigidity increases, the 
rise of the overall average Young's modulus of the titanium-alloy section and the fall of cold- 
working nature will be caused. On the other hand, when boron is made into 0.01 to 0.5 mass % 
compatible in detailed-izing of an organization, low Young's modulus, cold-working nature, etc., it 
is much more desirable. 

[0047] In addition, within limits which can combine with arbitration and do not deviate from the 
meaning of the golf club of this invention within the limits of predetermined, each presentation 
element mentioned above can blend still more nearly another element, and can also form the 
titanium-alloy section. 

[0048] (3) The titanium-alloy section has 50% or more of cold-working organization, and the golf 
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club of organization ** this invention of the titanium-alloy section has average Young's modulus 
suitable for elastic limit reinforcement in their being 800 or more MPas at 65 or less GPas. 
When the titanium-alloy section has a cold-working organization, it is compatible by high order 
origin in the reduction in Young's modulus, and high intensity-ization. It is very convenient, when 
carrying out cold pressing processing and manufacturing the configuration member of a golf club 
especially. 

[0049] A cold-working organization is an organization obtained when cold working of the 
titanium-alloy section is carried out, and below the recrystallizing temperature (the minimum 
temperature which causes recrystallization) of a titanium alloy is pointed out "between the 
colds." 50% or more of cold-working organization means the cold-working organization which can 
do it when the rate of cold working defined by the degree type is 50% or more. 
Rate of cold working = (S0-S) /SO x100 (%) 

(The cross section before S0:cold working, S: Cross section after cold working) 

Now, the reason for the ability to attain low Young's modulus and high intensity-ization is not 

necessarily clear by giving such a cold-working organization. 

[0050] It extracts to this cold working between cold rolling, cold pressing, and the cold, and it 
has drawing between the colds, SUEJINGU processing between the colds, etc. Moreover, after 
manufacturing a material first by cold working (cold-working process for materials), the material 
may be fabricated by cold pressing for a product, and both processes may be performed as one 
process (cold pressing process for shaping). Moreover, cold forging of the material (a sintered 
compact and hot-working material) may be directly carried out with a cold pressing machine, and 
predetermined cold working etc. may be given. However, since it is desirable to add remarkable 
cold working in order to obtain high intensity and low Young's modulus, what the organization of 
the titanium-alloy section is considered for as sufficient cold-working organization at the cold- 
working process for materials is desirable. 

[0051] ** When using with sintering, the titanium-alloy section is much more suitable for the golf 
club of this invention again in his being the sintering organization which includes a hole with a 
pitch diameter of 50 micrometers or less below 30 volume %. The amount of reduction of average 
Young's modulus can be adjusted without having big effect on the reinforcement of the titanium- 
alloy section of this invention, or ductility by adjusting the amount of a hole by such within the 
limits. When performing cold working, it is good to perform eburnation so that a hole with a pitch 
diameter of 50 micrometers or less may become below 10 volume % (precise chemically-modified 
degree). A precise chemically-modified [ this ] degree seems to perform hot forging etc. lightly 
for example, after sintering. 

[0052] Here, if a pitch diameter exceeds 50 micrometers or a hole exceeds 30 volume %, the 
reinforcement of the titanium-alloy section will fall and cold-working nature etc. will get worse. 
By adjusting the pitch diameter of this hole, and volume % suitably, high-intensity-izing and low 
Young's modulus-ization can be attained further. If a sintering organization is obtained by making 
it sinter for 4 to 16 hours in the ambient atmosphere of 1200-1550 degrees C and 1.3x10-3MPa 
and eburnation sufficient at the time of shaping of titanium powder etc. can be attained after it 
does CIP shaping (cold isostatic pressing) of the metal powder by hydrostatic-pressure 200- 
400MPa, it does not need to perform a precise chemically-modified degree separately after that. 
[0053] In addition, a hole means the opening which remains to a configuration in-house, and it is 
estimated by relative density. It is expressed with percentage (rho/rho 0) x100(%) of a value 
which broke the sintered compact consistency rho by true density rho 0 (in the case of 0% of 
residual holes), and volume % of a hole is expressed in a degree type as relative density. 
Volume % ={1 -(rho/rho 0)} x 100 of a hole (%) 

The pitch diameter evaluates the hole configuration measured by the two-dimensional image 
processing as an equivalence circle configuration with an area equal to it, and makes the average 
of the path which can be found from those equivalence circle configurations the pitch diameter 
of a hole configuration. 

[0054] (4) the ratio of the titanium-alloy section — the time of setting average Young's modulus 
to E (GPa), and the titanium-alloy section setting a consistency to rho (103xKg/m3), as for the 
golf club of Young's modulus this invention — a ratio — Young's modulus E/rho — under 16 
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(x10-3 GPa-m3/kg) or 1 (E/rho)/2 It is suitable in it being less than 4(x10-3 GPa-m3/kg) 1/2. it 
mentioned above — as — the conventional ingredient — this ratio — Young's modulus E/rho 
was not based on that class, but since it was about 1 constant value, it was difficult to reduce 
the resonant frequencies f, such as the head section, from an ingredient side, however — the 
titanium-alloy section of the golf club of this invention — this ratio — Young's modulus E/rho 
was able to be made into the low value more remarkable than the conventional ingredient. That 
is, reduction of the natural frequency f of the titanium-alloy section can be attained from an 
ingredient side, there is nothing to the former, and the design degree of freedom of a golf club 
was able to be extended. 

[0055] as an example — the titanium-alloy section of this invention — a ratio — since it is a 
consistency rho= 5.836 (103xKg/m3) in average Young's modulus E= 53 (MPa) when Young's 
modulus E/rho is shown — a ratio — it is set to Young's modulus E/rho =9.1 (x10-3 GPa- 
m3/kg). A graph [ the conventional other metallic materials / this ] is shown in drawing 3 . It 
doubles with a formula 2 in drawing 3 , and is an axis of abscissa 1 (E/rho)/2 It carried out. clear 
also from this drawin g 3 — as — a ratio with it — it turns out that it is Young's modulus E/rho. 
[ the remarkable titanium-alloy section and ] [ low ] Moreover, 1 (E/rho)/2 of this titanium-alloy 
section Even if it compares with the conventional alpha plus beta titanium alloy or the lowest 
beta titanium alloy of Young's modulus, they are about 40% and about 25% of reduction, and 
#######5^ respectively, from now on — a ratio — it turns out that Young's modulus E/rho has 
been reduced remarkably. 

[0056] in addition, a ratio — if Young's modulus E/rho exceeds 16 (x10-3 GPa~m3/kg), since 
optimization of the natural frequency f of the titanium-alloy section etc. will become difficult and 
the design degree of freedom of a golf club will be restricted, it is not desirable, on the other 
hand — the design degree of freedom of a golf club — more — it should expand — a ratio — if 
Young's modulus E/rho puts in another way 12 or less — 1 (E/rho)/2 It is more desirable when 
it carries out to 3.5 (each unit is the same as the above) or less. 

[0057] (5) If the titanium-alloy section of this invention constitutes said a part of face section 
[ at least ], it is suitable for the golf club of configuration this invention of the titanium-alloy 
section. As shown in the formula 3 mentioned above, it is thought that reduction of thickness h 
brings about the rapid increment in stress, but since the **** elastic limit reinforcement of the 
titanium-alloy section is 700 or more MPas and high intensity, it can be made into the thinner 
thickness h than [ conventionally and ] equivalent. Therefore, only from the ingredient side, 
reduction of a natural frequency f etc. could be aimed at also from the shaped surface, and the 
design degree of freedom of a golf club has been extended further. 

[0058] In addition, what used the titanium-alloy section all over the face section is sufficient as 
what was carried out to "a part of face section [ at least ]", and what used the titanium-alloy 
section only for the sweet spot part is sufficient as it. Furthermore, what fixed the titanium-alloy 
section only on the front face of the face section may be used, and since the titanium-alloy 
section does not need to secure head reinforcement directly in this case, the titanium-alloy 
section can be made much more thin. 

[0059] (5) As the titanium-alloy section has carried out application since the titanium-alloy 

section is equipped with the description it is featureless to the former, the design degree of 
freedom of a golf club expands the golf club of this invention, and it can attain the various 
military requirements. 

[0060] ** For example, if it is the golf club which used the titanium-alloy section for the head, 
the whole head (outer shell) of a golf club may be constituted from the titanium-alloy section, 
and only the face section may consist of the titanium-alloy sections. Moreover, as mentioned 
above, a sweet spot etc. may constitute only one field of the face section from the titanium- 
alloy section. Furthermore, only the surface may consist of the titanium-alloy sections by making 
the face section into double layer structure. Thus, there is no golf club which constituted the 
head from the titanium-alloy section in the former, and it can raise engine performance, such as 
flight distance, a feeling of **, and a tap tone. In addition, various coating processings etc. may 
be performed on the surface of such the titanium-alloy section. For example, abrasion resistance 
etc. can be raised by raising surface hardness. Specifically, oxidation, nitriding treatment, etc. 
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occur. 

[0061] ** It is still better also as a golf club which constituted the whole shaft or a part from the 
titanium-alloy section. The golf club which has the shaft which it comes it lightweight to improve 
with the high specific strength and low Young's modulus of the titanium-alloy section is obtained. 
Although based also on liking of a golfer, if the rigidity of a shaft can be reduced securing 
reinforcement, the impact when hitting a golf ball becomes small, and it is said that a feeling of 
** improves. Moreover, if a deflection becomes large, the elastic strain energy stored in a shaft 
becomes large, and it may be easy to transmit the elastic strain energy to a golf ball at the time 
of a blow. Moreover, ballistic control of a golf ball can also become easy. 

[0062] ** Naturally an iron besides a driver and a putter are also contained in the golf club of 
this invention. Moreover, the purpose using the titanium-alloy section is not restricted to the 
improvement in flight distance, a feeling of **, a tap tone, etc. Flight distance, a feeling of**, a 
tap tone, etc. are only instantiation to show the magnitude of the design degree of freedom of 
the golf club of this invention. Thus, since the golf club of this invention has the very large 
design degree of freedom, it can respond to a golfer's various level. 
[0063] 

[Example] The golf club of this invention is explained concretely hereafter. The driver 1 which is 
one example of the golf club of this invention is shown in drawing 4 . This driver 1 prepares the 
above-mentioned titanium-alloy section in the face section 1 10 of a head 100. Then, the various 
examples of this titanium-alloy section are explained first. 

[0064] (1) It is the following, and the manufacture titanium-alloy section of the 1st example ** 
titanium-alloy section was made and manufactured. As raw material powder, commercial 
hydrogenation and dehydrogenation titanium (Ti) powder (-#325, -#100), niobium (Nb) powder (- 
#325), tantalum (Ta) powder (-#325), and zirconium (Zr) powder (-#325) were prepared. Next, 
these powder is blended so that it may become the presentation rate (Table 1) of Ti~30Nb- 
10Ta-5Zr, and it is this powder Pressure 4 ton/cm2 It considered as the phi50mmx1 00mm 
Plastic solid with CIP shaping (cold isostatic pressing), pressurizing. The amount of content 
oxygen at this time adjusted in the amount of oxygen (O:0.1 to 0.5 mass %) contained in Ti 
powder (the same is said of the following examples). In addition, Table 1 omitted and showed Ti 
which is the remainder. 

[0065] Next, heat this Plastic solid for 1300 degree-Cx 16 hours, it was made to sinter in the 
vacuum of 1.3x10 to 3 Pa, and it considered as the sintered compact And hot forging of this 
sintered compact was carried out in 950-1 150-degree C atmospheric air, it considered as the 
Hara material of 15mm of board thickness, and eburnation of a sintered compact organization 
was attained (precise chemically-modified degree). In this way, cold working of the obtained Hara 
material was carried out further, and it considered as the plate material with a thickness of t= 
4mm (cold-working process for materials). The rate of cold working at this time was 73%. In 
addition, for this cold working, the plate material with a thickness of 4mm was obtained without 
intermediate annealing through 0.5mm pass 22 times using the cold rolling mill. 
[0066] Next, the face section 1 10 was obtained by cold working (cold pressing) using this plate 
material (cold pressing process for shaping). In addition, the cold-working process for materials 
and the cold pressing process for shaping are made into 1 in all process, a cold pressing machine 
performs cold forging directly, and you may make it the rate of cold working become 50% or 
more. However, since the titanium-alloy section of low Young's modulus and high intensity can 
be certainly obtained if cold working (50% or more of rates of cold working) sufficient at the 
cold-working process for materials before the cold pressing process for shaping is performed as 
mentioned above, it is desirable. Moreover, it also becomes possible by adjusting extent (rate of 
cold working) of cold working to adjust average Young's modulus and **** elastic limit 
reinforcement. Moreover, if these processes are divided, since much face sections (titanium- 
alloy section) will be once obtained from a larger plate (material) by cold pressing processing, 
improvement in productive efficiency can also be aimed at. 

[0067] ** The material property of the obtained titanium-alloy section in which the titanium- 
alloy section carried out measurement **** was measured as follows. 

(a) About average Young's modulus and **** elastic limit on-the-strength each test specimen, 
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the tension test was performed using the Instron testing machine, a load and elongation were 
measured, and it asked for the stress-strain diagram. The Instron testing machine is an 
omnipotent tension tester made from Instron (manufacture name), and a drive method is 
electric-motor controlling expression. Elongation was measured from the output of the strain 
gauge stuck on the side face of a test piece. Based on the stress-strain diagram, it asked for 
average Young's modulus and **** elastic limit reinforcement by the approach mentioned above. 
At this time, average Young's modulus was 53GPa(s) and low Young's modulus, and **** elastic 
limit reinforcement was 936MPa(s) and high intensity. 

[0068] (b) When asked for the consistency consistency by the Archimedes method, it was 
5.836x103 kg/m3. 

[0069] (c) Feeling relieved asked for elongation-after-fracture delta. In this example, elongation 
was 14%. In addition, elongation-after-fracture delta is the gage length Lf at the time of fracture. 
The gage length L0 before a trial It uses and is delta= (Lf-LO) / L0. It is expressed x100(%) and is 
Lf. It measured based on the above-mentioned stress-strain diagram. The material property of 
these titanium-alloy sections is collectively shown in Table 1. 

[0070] (2) It is the following, and the titanium-alloy section of the 2-1 5th examples ** 2-1 5th 
examples was made and manufactured. Ti powder mentioned above as raw material powder, Nb 
powder, Ta powder, and Zr powder, Vanadium (V) powder (-#325), hafnium (Hf) powder (-#325), 
Molybdenum (Mo) powder (-#325), Fe-Nb powder (-#325), Tin (Sn) powder (-#325), aluminum-V 
powder (-#325), scandium (Sc) powder (-#325), TiB2 powder (-#325), and TiC powder (-#325) 
were prepared, these powder was chosen suitably, and it blended at a various rate shown in 
Table 1. Using each of those mixed powder, like the 1st example, shaping, sintering, hot forging, 
cold working, etc. were performed, and the face section 110 which consists of the titanium-alloy 
section with the various presentations shown in Table 1 was manufactured. 
[0071] ** The material property of each titanium-alloy section was measured like the 1st 
example, and those results were collectively shown in Table 1. In order to have the cold-working 
nature which low Young's modulus and high intensity (**** elastic limit reinforcement) were 
obtained by cold working, and was very excellent, if the titanium-alloy section of this invention is 
used for the golf club member by which cold pressing shaping is carried out, it is the optimal so 
that the material property of Table 1 may also show. 
[0072] 
[Table 1] 
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[0073] (Golf club) 

(1) The driver driver 1 consists of a head 100 and a shaft 150 fundamentally, as shown in drawin g 
4 . Hereafter, these are divided and explained. 

** As shown in head drawing 5 , the head 100 of a driver consists of fundamentally four 
members of the face section 110, the side bottom shell 120, the epivalve section 130, and the 
pipe 140 for shaft attachment. Each part material other than face section 1 10 is identitas 
ingredient Ti-4.5Fe-7Mo~1 .5aluminum-1 .5V (unit: mass %), and was manufactured by cold 
pressing processing. This ingredient was decided in consideration of weldability with the face 
section 1 10, the rigidity of a hollow head, and reinforcement. In this example, thickness of side 
bottom shell 120 grade was set to 2.6mm. And the circumference joint of each part material of 
the face section 1 10, the side bottom shell 120, the epivalve section 130, and the pipe 140 for 
shaft attachment was welded, and it considered as the head 100. Although laser beam welding 
was used for welding, electron beam welding may be used. In addition, although the quality of the 
material of the face section 1 10 and other members should be differed in this example, all 
members may consist of the face section 110 (titanium-alloy section) and this quality of the 
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material. 

[0074] Next, a configuration etc. is explained to a detail about these 4 member, 
(a) The face section face section 1 10 is a part which a golf ball at the time of a blow. As 
shown in drawing 5 , this face section 1 10 is carrying out tabular [ of an abbreviation ellipse 
form ], and has almost uniform thickness h and area S. It is as follows when the resonant 
frequency f of this face section 1 10 is estimated concretely. That is, a natural frequency f is 
[0075] which becomes reduction about 40% compared with the usual golf club since it is set 
[ according to the golf club of this invention ] to 1 (E/rho) / 2= 3.0 in the case of the 1st 
example of the above when area S and thickness h are made usually the same as that of the 
configuration of a model. Usually, in the case of the driver with the face made from titanium, in 
the case of 1 300-1 400Hz and an iron, the resonant frequency f is said to be 1 800-1 900Hz for 
the resonant frequency f. Here, considering the case where considered that alpha 2 of a formula 
2 and h/S were fixed, and the conventional face is permuted in the titanium-alloy section of this 
invention, the resonant frequency f of 780~840Hz and an iron is set to 1080-1 140Hz by the 
resonant frequency f of a driver. 

[0076] On the other hand, the resonant frequency f of the usual golf ball is 600-1 600Hz. or 
[ that the golf club of this invention can make the natural frequency f from this almost equal to 
the natural frequency f of a golf ball ] — or it turns out that it can bring close remarkably. 
Therefore, according to this invention, a golf club with the big design degree of freedom which 
can aim at remarkable improvement in the flight distance of a golf ball, a feeling of **, a tap tone, 
etc. can be offered. 

[0077] this example — thickness h — abbreviation — although thought as fixed, it considers as 
light-gage (the shape of a concave lens), applying the face section in the center from the 
circumference, and you may make it the amount of this thin-walled part become a sweet spot 
(two-dot chain line in drawing 5 ) for example, as shown in drawing 6 (A-A cross section in 
drawin g 5 ) in this case, an above-mentioned area S and the thickness h of the titanium-alloy 
section — the area S of this sweet spot, and the thickness h of that maximum thin-walled part - 
- substituting — a ratio — it is good to estimate Young's modulus E/rho, shape factor h/S, and 
a resonant frequency f. Thus, improvement in the flight distance of a golf ball etc. may be aimed 
at by making the natural frequency f of a sweet spot part in agreement with the natural 
frequency of a golf ball. Moreover, it is good for the front face of the face section 1 10 to form 
suitably the vadum 1 1 1 prolonged in a longitudinal direction. Thereby, the resonant frequency f of 
the face section 110 and the resonant frequency f of a sweet spot can be tuned finely suitably. 
Moreover, design nature also improves. 

[0078] (b) The side bottom shell side bottom shell 120 forms the pars basilaris ossis occipitalis 
(SOL section) and the circumferential flank of a head 100, and is carrying out abbreviation 
closed-end semicircle tubed. Moreover, the crevice 121 for holding the pipe 140 for shaft 
attachment is established in a part of the circumferential flank. 

[0079] (c) The epivalve section epivalve section 130 is a ****-like member with a smooth curve 
side. In order to hold the pipe 140 for shaft attachment, the crevice 131 corresponding to the 
crevice 121 of the side bottom shell 120 is established in the edge. 

[0080] (d) The pipe 140 for pipe shaft attachment for shaft attachment is a pipe-like member for 
attaching the shaft 150 of a golf club in a head 100. The lower limit is welded to the SOL top 
face 129 of the side bottom shell 120, and the circumferential flank is welded to the crevice 121 
of the side bottom shell 120, and the crevice 131 of the epivalve section 130. The attachment 
section 151 of the below-mentioned shaft 150 is inserted in the upper limit opening 141. 
[0081] ** The shaft shaft 150 is a long and slender hollow rod made from carbon fiber. The grip 
section 159 ( drawing 4 ) for a golfer to grasp is formed in the upper limit, and the above- 
mentioned attachment section 151 is formed in the lower limit. While being easy to grasp a 
golfer, the cushioning material 158 for softening the impact at the time of a blow is wound 
around the grip section 159. On the other hand, the attachment section 151 serves as a narrow 
diameter from shaft 150 body, and carries out abbreviation coincidence of the die length at the 
die length of the pipe 140 for shaft attachment. And the contact section (level difference section 
of the attachment section 151) circumference 152 of the attachment section 151 inserted in 
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upper limit opening of the pipe 140 for shaft attachment is welded, and a driver 1 completes. 
[0082] (2) The example which changed the driver 1 of the 1st example of an iron into the iron 2 
is shown in drawin g 7 . In this example, by welding the titanium-alloy section homogeneous as 
the above-mentioned titanium-alloy section around the annular body 200, the face section 210 is 
constituted and it considers as an iron 2. Other configurations are fundamentally [ as the above- 
mentioned driver 1 ] the same. In addition, a body 200 is not annular, and cross-section 
horseshoe-shaped is sufficient and it is good to paste up the titanium-alloy section on the face 
section front face of that body 200 in this case. 
[0083] 

[Effect of the Invention] Since the golf club of this invention is equipped with the titanium-alloy 
section of the low rigidity in high intensity, there is nothing to the former and a design degree of 
freedom can respond to breadth and various military requirements. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is drawing having shown roughly the head model for examining the military 
requirement of a golf club. 

[Drawing 2] It is the explanatory view of the average Young's modulus and **** elastic limit 

reinforcement concerning this invention, drawing 2 A is drawing having shown typically the 

stress-strain diagram of the titanium alloy concerning this invention, and drawing 2 B is drawing 

having shown the stress-strain diagram of the conventional titanium alloy typically. 

[Drawing 3] the ratio of various metallic materials — Young's modulus (E/rho) 1/2 It is compared 

drawing. 

[Drawin g 4] It is drawing showing the driver which is the 1st example of this invention. 
[Drawing 5] It is drawing showing the head of the driver which is the 1st example of this 
invention. 

[ Drawin g 6] It is drawing showing the modification of the face section of the driver which is the 
1st example of this invention. 

[Drawing 7] It is drawing showing the iron which is the modification of the 1st example of this 
invention. 

[Description of Notations] 
1 Driver (Golf Club) 
100 Head 

110 Face Section (Titanium-Alloy Section) 

1 50 Shaft 

159 Grip Section 



[Translation done.] 
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*Sftft7caf-C&S : P r o c . 9th Wo 
rid Conf. on Titanium, (199 
9), to be published) o ^fohCOyt 
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tib<D7zmtf&ftX\ lSt%W±, SfcJctt, 5-1 
5«i%Tfc5i:, i«WU\ 

[0 0 3 6] rtl^(7)7cili, Va^i^^ffl 

^ItT 2 0 11%«T^ ^ ^ ^ ^ A (Z 
10 r) h^y^VJ* (Hf) i*#>'v ? '?^ (Sc) 

tpC0lS«±<^7n^t^tr^3 0-6 0fiS%t/«C5 

[0 0 3 7] *fc, v^n^A (Z r ) *5cfctf/*fc 
1*^7:=. 9 A (Hf) ^i-ibst%ML¥^t> 
W7 5GPa«Tfc«5«t5l:LTt6v\ SuiE L 

^l-l0lt%ttt§ri(:J:^ 5l3fi»ttPfi3fiffl 
20 SriS:T$-a:5-i:*< , ¥^vW7 5GPa«T 

[0 0 3 8] fc*3. -&*T*tt, i?/u==.#J*1$.#;, 
(5Ttt^4&^"Cfc, i~l 0fii%T*5 fc»jST*>5o 
Mcojg-W^^#^n^v\ — *\ l Ofi%ai 

[0 0 3 9] ®*5g^^/U7^7^(t £<b(C^>- 

l-2 0fl%OT^7V (Mo) 
2 0 R *%COa ( F e ) il-20 «4%CO£g ( S n ) 
tO. 1 — 3 f 1%(7)7^ (A 1 ) t^feftS 

40 [0 0 4 0] *a«-Cffiffl**t5^V7^9^c:t 0, 
-IfiJiS-fSrt^t^Tif* LV\ 

[0041] y ^Vco^^«9 \z s *fc(4^y 

^fv t ~ 2 0 Ii% LT t> J; v \ ©c 

50 ^^^&«B^a[a»«offi±»c*ja35c7c*-e*> 
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[0 0 4 2] Sfc, ^ey^^tt^fcOfc, 
* y ^fy^ i *C 1 - 2 0 f i% W« (Sn) 

i s 2 o «4%£rS 

%-C4-l 5%<t^4t«t!9»*LV^o 

[0 0 4 3] it *y ^^ft^ftt^ftfoOtC, I 
fettle y 7r>«« t^co. 1-3 Si%wr^ 

^a5S*wisj±^a«>ttv\ st 3it%^ix.^) 

[0 0 4 4] ©*8^<^^7^ £<b(C, ^f* 

«r 1 0 0K*%4: byt»fric, *-*^-fr4»**0. 08 
-0. 6M%o»« (O) £r**rl-5i:* «HB-cfc 

5 0 (IU KSfeo^SS-o. 0 8ft%*i^t§ 
t, 9a«*>|fi]±a*Bini\ 0. 6fi%^ix.5^ ¥- 

<fcv\, Sfc, 0. 6«*%Sr«;i5i. ffitt^iST 

^0. 15-0. 5Kl:%*^ri-5i:ftl\ 
[0 0 4 5] ^^ASBM:* 40 

%tLfc»-&lC, 0. 0 5-1. 0fi%^i (C) 

*S:[fi|±S-ti:ft±-C*rS»ft5E*T*>6 0 «*#0. 0 5 

1\ l. 0lf%^^5^ 

3R&0. 1-0. 8WA%t~t^t, 
[0 0 4 6] ®^W^<o-d)Vy yzn*, £<bi-> 
^100Si%^LtI^, ^*>"&&8|5tf^ 0. 0 50 
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l-l. 011%^-)^ (B) »jB-C& 
Xttfc*rlPj±**S±-C<T«!i*5c*-C*>S. 

mm.* (t i Be^) t Ltrat^o r^u^ 

o Ut*%*js»"Ctt, *<o»*rtH-5^?ttfc<. l. o 

*PXteoi6TS:ffl^TL*5. — »IBo»*Mfc, t£ 
1-0. 5ff%^t6^, 

[0047] ^jb\ ±aLfc#*as8;7c*tt, rJtS^H 

[0048] o) ^9 ^"&&u<nmm. 

±a>ftlWaPXa«**L¥*&^r^^** s 6 5GPaiUT 
-C5I»3W±I»»*^8 0 0MP a £JUb-Cfc5i:, 

=Ow ^ * y ^<o«j5Kffltt £ ft Pfl -7 \s * JP X L tK^t 5 

[0 0 4 9] ftPflJpx*a»i:tt, ^v£^SP£ftP^JP 
XLfci#^»e>ixS»»"C*>9, rftBjj tn, ^ 
y^oSS^MS (fWSiifc&je+*ffi<0a«) «T£ 
»i- D 5 0%K±<o?&niBPXjB«fti:tt, ftSC^iOjfeU 
Stt5ftMSPX*^ 5 0 %KJ:(7)i^lC-C# Sft^WPX 

ftBJJPX* = (S 0 -S) /s 0 xioo (%) 
(S 0 : ftWJPXW^Brffia, S : ftWJPX«0»rB 

[0050] roftmapxictt, f'lxii ftp^/±®, ft 
m^ux, ftraat), ftpa»5i#, ftp^^^-v^v^jp 

X«t*sfc6. ft|PWPX^J:9ife-f*« , *:JBJtLT 

(*»ffl?&iBJpxxa) > ^^^ftp^u-^-e 
JWRinaixw) ftra^w^w-rftnMBfJSLT 

-1r^^*»5fc*{c:i4, ^/«c«9 <^ftraJpxS:JPx.*r 
[0 0 5 1 ] ©*fc, *«Wo=fyv^^9^tt, 
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S 4 ffl 5 ifr&fc: tt?- * 5 0 m m^AT 

av* (i«ftifi) o co»«{txe«, m& 

[0 0 5 2] irt% ?^1^5 0/im^Ii, 4fc 

(i, 2 00 — 400MP a /"CC I P/& 

» (JftniMcffil**) LfcflL 1 20 0-1 550^ 
1 . 3X1 0" 3 MP a (7)#ilt4-l 6 fl#RS] 

[0 0 5 3] ft*3, S?Li:tt, «^*a»rt^Siei-5^ 
fcfficos^ (p/p 0 ) x l 00 (%) -c**ix, £ 

(%) 

[0 0 5 4] (4) ^?>-&&%(nvc^>ym 

>V7 9 *7?\%, Wtb^is? 

m*E (GPa) , *SSrp (10 3 XKg/m 3 ) ft 
Zk^ltZifc^^JfrnE/ p 1 6 (xiO" 3 GPa-m 
3 /Kg) ifctt, (E/p) ^ 2 75M (X10 

° u P a • m 3 /Kg) ^aitfeSi, »iT'i§ 0 

gRTii, rc7)i:b^>'^^E/p^^*ooW^J:^l : L< 

^7 * 7 y o»f t S * ft £ \f 6 r t *5 T # fc. 

[0 0 5 5] -Wei: L-C*35W<O^^^A«SJCOV^T 
i:tty^$E/p^^t^ -wy^'$E=5 3 (M 
Pa) T\ p = 5 . 836 (10 3 XKg /m 3 ) T* 

foZ><DX\ Vc^>tfmE/p = 9. 1 (X10" 3 GPa 

•m 3 /Kg) £ft£ 0 fle*W<ftA**t»i:Jt 
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X, fflMfr (E/p) 1/2 tu Co :roH3^btfl 
/pi:4ot^5:i:« 0 rco^>£-£^ 

£7) (E/p) 1/2 ^*^a + /3^^^&^^ 

^*w»fc(SV^9[^^^4ti:Jt*L-Ct>, til* 
*U ^2 5%<^{B;jfti:ftTl^5o ^ti^fe 

[0 0 5 6] ft*3, ifcirV^E/p^ 1 6 (X 1 0" 3 
10 GPa -m 3 /Kg) £rlg*L£ ^"^ ^4«B<^H* 
Mlbftf *»*»fcMliL<tt?K ^/u:?* 7 

9^o»«-aft«*rJ; »9te^-r-<<, tt^^E/p 
*«1 2 JEAT, (E/p) 1/2 #3. 5 

[0 0 5 7] ( 5 ) ^^>^^<DJfm 

*ftSBSO§|»?W4IB3il«tt7 0 OMP a£A±fc!*aft*-C 
8r-JBtfc«1?Sfc. 

[0 0 5 8] fc*3, r:7* — *»0V>fc< t t>— SBj t 

[0 0 5 9] (5) ^^V^ffiOfflift 

[0 0 6 0] ®^>Jx.tf, f-^^-frAJBSr^y K^cfflv^fc 
40 ^/i/7^7^b, ^tvytj-fto^vY (^®) 

50 ftv\ *BWflE*r±»f5ri:lcJ:9, 
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[0 0 6 1] ©£ b(e, i/^r 7 h^ffc^LX (i— Iff* 

5 D £fc, fct>****:#<ftSi:, ^7H:|A&h 
5 W*^*^* 5 — < ft 9 , *T*B3\ =fyU7sK— 

^/U7 7j<-/u<7)5*ilffiiJfflit>SSi-ft 9»5 0 
[0 0 6 2] ®*«^^7^7^i:il K9>f^- 

PRfctLSt^-Cftv^ JREML ?T^> JT*»I4, **W 
W^/V7^ ?^Rf|-a SS<^*t S S:^tfc»<OW* 

lasts;: tas-c#s 0 

[0 0 6 3] 

co^^v^^SBS:^^ K l 0 0W7i- 110 {clx 

[0 0 6 4] (D^i mmm 

it, mifio^imt; • J&zk^f^v (Ti) (-# 

3 2 5, -#100) , (Nb) (-#32 

5) N ^V^/U (Ta) (-# 3 2 5) , 

r>A (Zr) (-# 3 2 5) SrfflScLfco JfcM, r 

iX?>0»*Sr, Ti-30Nb-10Ta-5Zr (DB 

mi) lefts i 5 icE-fr u r<?)«&*£H^4 

t on/ cm 2 «LooC I (^ffl»7KJEEfig 
7f£) J; ^ , ^5 0mmX10 0mm©»Hf: o 

(O:0. 1-0. 5fi%) -eWSESrLfc (ttT^S 
JSMfco^Tfc, IrI«-C*>5) o ft&> Sim 

[0 0 6 5] JfcfC, 1 . 3 X 1 0~ 3 P a<7) 

na^Ti 3 o o°cx i 6«MWJn}ftu, siiJB**r*fess 

f*^: L/c 0 -t LT N rcott*gf*^ 9 5 0-115 0°C<7) 
(#«"fflftWWPXXS) o Z(Dk *©ft|BJPX*l±7 3 
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%-Cfcofc 0 ft*3, r<o?&IBaiX|ctt?&WffiffiaiSrffl 
V\ ^IWjjlE«ftL'C, 0. 5mm^;*£2 2{H]iILT, 
4 mm<nj?£<7}tgijfW§:f#fco 
[0 0 6 6] r<7>4E*W*ffl^T, ftffiJjPX 

:/u-*XS) 0 ft*3, **tffl»IBJPXXSi:rii»ffl»llll 
ffiltCT^PfliSagSrtTftoT, ffiWMRX^W 5 0%JW±i: 

10 ftn^u^xsBtr^, ^wffl^rfl*pxxs-c+55-ft^ra 

*PX (MiDI*5 0%W±) SrfTo-C*3<i, {fr^ 

<dx\ #*uv\, ^ra*px<oaa? (ftmaqx*) 

*#«><7>««- (*#) «^>»IB^^^iPX 
t?#|([(D7*-^(B (f-f^&M) A«ft6iiSfcft, 

[0 0 6 7] V^^COfflij/t 

(a) spjft-y^^*4:3l»?W4»3*« 
30 *j£tcj: 9*8f)fc 0 r.<D<t#, ¥i^tym5 3GP 

[0 0 6 8] (b) 

5. 8 3 

6 X 1 0 3 k g/m 3 --e£>o/c 0 
[0 0 6 9] (c) 

L f t«*ffiO«^ffil«L 0 ^^fflV^T, 6- (L f - 
40 L 0 ) /L 0 XI 00 (%) ^JWtOTfc^ L 

[0070] (2) 12-15 H*S#iJ 

«{5SLfco HK*M»*t UT, ftfiSELfcT i Nb& 
Ta»J:(/Zr»*t ^t^«?A (V) 
(-# 3 2 5) , /^^^r>A (Hf) (-#32 
5) N ^ty/fy (Mo) (-#325) , Fe- 

NbS* (-# 3 2 5) , m (Sn) (-#32 
50 5) , Al-VfJ* (-# 3 2 5) N 7^7^^^^ (S 
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c) (-#325) , TiB2t»* (-#325) 

fe-itfT i C^* (-# 3 2 5) iSrfflSU Ztlbn 

tof? V&^g|J*» fefc57:*-*ai5 
1 l 0 fcKffi Lfc. 

[0 0 7 1 ] ©fr^w^^^roWWtt**:*!!** 
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[0 0 7 3] (^7^7^) 
(1) K7>f^- 

K7-T^<- l te> @4 (d^i-j: o \z.^y Y l 0 0 t 
7hl50t^6S*ftlc«*Sti5o WT\ r*Lib£r 

CD— y K 
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-^gf5 1 l o tft'JlSSftas 12 0 t±.j&$$ 1 3 0 t is*y 

vm^m^^rfi 4 o t^4<B»^&**w^»*«c!?n 
5 0 ^ ^— i i o^(o&mt\±, ra— wwt i - 

4. 5Fe-7Mo-l. 5 A 1 - 1 . 5V : ® 
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i4, y*.—*u\ i o tcom^^. kc^w 

O^CD 2 . 6 mm Ltz 0 -t It, '7*- 1 

l o jrffllJSflttifB i 2 o 1 30^>t7 hSf+ffl 

^-;^i i o bZ<Diti<nm*t<Dtfm&&te<>tci><n 
bL1ti>K £mt$:7* — xMl 10 

tmumx^mLx 10 

[0 0 7 4]&(;i, rtt64«*ricoi^T»tt**:l¥llii 

(a) ^^-^35 

7i-^si i 0(4, ft-*NF*-^^^-^rr«i-s 

g&#"?fc6 0 H5i:*tJ: 5tc, 1 l 0 

f4B&tSn^<7)4R^S:LT*5'9, liff«-ftft*h tffi« 

/U7?77iZ&2>b, ±1E# 1 (E/ 20 

p) 1/2 =3. 0fc45^E>Bffii»f ttiB#o^ 

[0 0 7 5] ii?S\ f^vS7x-^^toK7^^- 

^•^-t^H^TSlMR fiii 3oo-i 4 0 0Hz, t 

T V<75*i-&-t <75H^ra«l» f(il 8 0 0- 1 9 0 0H 

z"?fc5£SfoftTi^5o fta2Wo 2 , h/ 

S *~j£b^^XVt&<ny * — ***%W<0^?l/&& 

f(4 780 — 840Hz, T-f T ^H^fSSSjft f f4 1 

0 80-1 1 40Hzt^6o 30 

[0076] — it^^7#- ^^H^rai&ssc f 

(4 600—1 600Hz TfcSo 9 , #38^(0 

/w^^^y(4, * wit Sift f Sr^7#-/K^)@W 
f fcfitf*L< tt5^U< f4*L< jS<5lt?> 

;U7^-/i/^^»^)TS, ttW^^L^faifrEltL 

[0 0 7 7] *HJ60»jT*f4rta:h 4rB&— Lt%x.f: 
7^, #"JxJ4\ IU6 (|g}5^C7)A-A!$fT®) (^t J: 9 

td, 7 31 — ^fFBSrJBa^b* *^3&^4T3»rt (Dflu^X 40 
2^«iH) t*SJ:9iaTt^\ rw»^4, fttiizS 
sKy h<DB«Sl3j:l/*(Z>*f»*«fBW^flp[h-e«:fflLT 

Ttfti/\ 7^ — *gf$l 1 0<7}itS(-(4, «*r^l 

icffit/sswu 1 1 tattiA-at mt-ctip, so 
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7zn-^gf5i l OOQ^SMft f ^>f— h^sfKy h<7) 

[0 0 7 8] ( b ) {RUSSIAR 

1 2 0 (4, ^ K 1 0 0 coj&gfl (y— /KB) 4: 

v^o ^coJUfiiJgB^— «Bf-f4^-y7 hBtftffl/*^ 

7 P 140 Sr««Pi-6fc»(OPI]» 1 2 1 ^taitTfc^o 

[0 0 7 9] ( c ) ±»£B 
±g£gM30f4, »b^ft«*ffifct>ofcKtt«Wt-e* 
6 0 <£^«£!H-f4, ^^7hMffl^7°14 0^ 
1-5/c#>M, {RJJSfifB 1 2 0<£>[lflS&l 2 1 icStfjGELfcBfl 
g|5 1 3 l^K«4T*>5o 

[0 0 8 0] (d) v^t7hMffl^7 P 

hBtftffl'M 7*1 4 0(4, ^l/7^7^Vt7 

-CfcSo t(OT*tt«fi«* 1 2 0(©y-/u±BB 1 2 9 
tCjSfSSSix, ^TCOglftiJg|5(4ffiiJjS^l 2 0(000^1 2 1 
4:±«*B1 3 0 roDflSB 1 3 1 tCSfSStti. ±M8BB P 
14 1 (-(4, &ifc<Dis*Y 7M50 <D&tfU 1 5 1 tf*|&c 

[0 0 8 1] h 

^7M5 0(4, tf^mmwtnm^^&wx-fo 

5 0 ^:CO±ffi(C(4, ^/W7r— ^tE^Fi-S^^w^y * 
7 9 Sl5 9 (84) jftSMrttTkO, T*fi»cttWi!B^»ft 
«15 1«^iirv^o ?\) y^Wl 5 9i-(4, =f 
/i^77-«Lg^J; 5fci"Si:*»cn-»l*w«*«: 
ftlibtf Z>tztb<D? y is a 1 5 8^#7WxTl^<5 0 — 

»f+»i 5 K4, h 1 5 o*f*4 r> htmmt 

S^(CSJ&-Sc-r6 0 ^LT, ^7hMffl/^7 P 14 

»l 5 l<z>«iS») «ffll 5 2*r«WLT, K9*f'<— 

1 &Taf$1rZ>o 

[0 0 8 2] (2) r-rr> 

fw)K<D^^ v-&A««:aiJKco*ft: 200 <nmm^m&~t 

[0 0 8 3] 

[mi] ^/w^^^^oii^tttesrtftw-rsfcfe^^y 
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[0 3] #tt^JSW«COit^^^ (E/p) 1/2 4- 1 

[(14 ] *«W^SBl**«"t?*>S K9>f^— *r*+ia 1 10 

T*fc5o 15 0 

[i5] sfc^O^l^flJT'fcS K9-f 0>^;y K 10 15 9 
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